



















































































????????LTRM?Low Transverse Resistance Model?????????

















??????????????????? 13 T ??????????????
????????????????????????????????????
????????????????????n???????? 
?????????????????? 0.65 µV (10 µV/m ??)??????














? 2.1? ???????? 
 
? 2.1? ??????? 
??? 150 mm 
?????? 60 mm 
????????? ?? 65 mm 
???????? 15 mm 
?? 5 K?8 K 
?? 12 T 







??? ????? ???????????????????????????????????????????????????????????????21 
 
?????? ?????
?????CSMC?Central Solenoid Model Coil????????Nb3Sn????
????????????????????? 2.2 ?????????????





????????????????????????????????? 10 µm 
?Ta???????????????????????????? 18 mm????
?????????????? 2.2 ???? 
 
















??? ????? ???????????????????????????????????????????????????????????????22 
 





????  strandd  0.81 mm 
???? nonCud  0.5175 mm 
?????? cored  0.4975 mm 
???? Ta?????? 
?????? tad  10 µm 
??????????(RRR) > 100 
??????????(RRR) 3 
??????? 18 mm 
 
?????? ???????????
? 2.3 ? 10 µV/m ???????? Ic10?? 2.4 ? 100 µV/m ???????
? Ic100?? 2.5 ? n???????????????????????????
?????????????Ic?n?????????????????????
????????????????????????????????????
??????????????? 5 mm???????????? 8000N/m???
?????????????? 0 ??????????? 
?? 0 ????????????n??????????????? 2.3?2.5 ?
????????????????????? 0 ???????????????
??????????????????? 0 ?????????n???????






























































































? 2.6 ?????Ic10????? 
 
 

















































??????????????LTRM?Low Transverse Resistance Model????
































??? ????? ???????????????????????????????????????????????????????????????27 
 
 




























BETH εεε +=                           (2.4) 
 












































corecorebarrierbarrierstrand IEIEEI ×+×=                  (2.7) 











×=ε                       (2.9) 
strandEI









? 2.11? ?????????????????? 
 
?????? ?????????




??? ????? ???????????????????????????????????????????????????????????????30 
 
 
( ) ( )( )[ ] ( ) ( )qpnccc bbTBtTACj −−= −− 1,1 13*222*0 εεε             (2.11) 
 


































⎛                   (2.13) 
 
( )



















































        (2.14) 
 
???Jc [A/mm2] ??????????B [T] ????T [K] ????ε [-] ???
Bc2 (T,ε) [T] ??? T ? ε ???????????Tc(B) ??? B ?????
???????A(0), C0, p , q, n, v, w, u, c2, c3, c4, ε t , ε0, ut ??????????
??????? 
????????CSMC?Nb3Sn?????????????????????
?? 2.3 ???? 
??n???????Twente???????????????????? [44],[45]?
 
( 60716.043 10613.110532.71 cjn ⋅×+⋅×−+= −− ε )              (2.15) 
 
? 2.12 ?? 2.14 ???????????????????????????




























































? 2.12 ?????????????? 
 
 































































??? ????? ???????????????????????????????????????????????????????????????33 
 
??????????????? ????????
?????? CSMC ??????? 2.2 ?????????????????
?????????????? 2.4 ?????????????-???? 2.3.2
????????????LTRM?HTRM ?????????????????
?? 2.16?? 2.17 ???? 













? 2.4 ????????? 
???? ?? ???? E ?? dout ?? din ????????? I
barrier Ta 180 GPa 0.5175 mm 0.4975 mm 5.1347?10-16


















?????? ??? ??????? ???????
?????? ??? ??????? ???????
?????? ??? ??????? ???????
?????? ??? ??????? ???????
 














?????? ??? ??????? ???????
?????? ??? ??????? ???????
?????? ??? ??????? ???????
?????? ??? ??????? ???????
 

















Transverse Resistance Model????????? HTRM? High Transverse 
Resistance Model???????????????????????????
????Nb3Sn???????????????????????????
?????????? 
 
(2) ???LTRM?HTRM???????????????????LTRM???
??????????????????????????????????
??????????????????????????????????
?????????????????????????????Ic10?Ic100
??????????????????Ic10?Ic100?????????n??
????????????? 
 
????????????????????????HTRM?LTRM??????
??????????????????Nb3Sn???????????????
????????????????????????????????????
???? 
 
 
 
 
 
 
 
 
 
 
 
  
 
